The effect of different hydrocolloids (pectin, carboxy methylcellulose, xanthan gum, and sodium alginate) pre-treatment used at different concentrations (0.2-0.4%) on instrumental texture parameters as well as on the sensory attributes of frozen-thawed pre-cut carrots was evaluated. Instrumental texture profile analysis of frozen-thawed carrot showed a significant (P < 0.05) increase in cohesiveness with an increase in the concentration of all the hydrocolloids. Nevertheless, the increase in springiness was not significant (P > 0.05) over the untreated control samples, whereas chewiness did not show consistent results with an increase of any of the hydrocolloids. As the concentration of hydrocolloids increased, the firmness values obtained by cutting the frozen-thawed carrot samples with a Warner Bratzler Blade were also found to increase. Higher texture retention after freezing and thawing was observed in xanthan gum (0.4%) pre-treated samples than other hydrocolloids used as well as than the control samples. It increased the firmness up to 196.2% than the control samples. However, 0.3% xanthan pre-treatment gave the best sensory results. Sensory acceptability increased on increasing the pectin and carboxy methylcellulose concentrations, while lower concentration levels of alginate pre-treatment showed higher sensory preference than the higher concentration levels. Based on the results, untreated frozen samples suffered from a detrimental texture and sensory deterioration during 15 months of frozen storage. The carrot tissue integrity was well retained during frozen storage in the hydrocolloid pre-treated samples.
INTRODUCTION
Freezing of foods is one of the most popular and effective methods of food preservation. However, the quality of frozen foods needs to include restriction in aspects, such as textural losses, which cause significant quality deterioration. Texture of fruits and vegetables becomes soggy as the cell walls break down and cells lose water due to freezing. Freezing and thawing also have a detrimental effect on sensory and water holding properties of foods because of physical disruption to cell or cell components. [1] Freezing involves freezing of water present in the plant tissue. The ice crystals begin to form in the extra-cellular medium and progresses via the cytoplasm, and the cell membrane loses permeability. [2] The moisture is separated from the cellular matrix and causes softening 462 MAITY, RAJU, AND BAWA of the texture, drip loss, and often deterioration of the overall quality due to freezing and subsequent thawing. [3, 4] Maintenance of texture and physical stability of the foods having relatively high moisture contents receives control of water binding properties by using hydro dynamically active ingredients, which is critical. [5] Incorporation of compounds that interact with water and offer protection against the deterious effects of freezing and thawing have been described by many authors. [6, 7] Hydrocolloids are water-soluble, high molecular weight polysaccharides that can improve the rheological and textural characteristics of food systems and find wide applications in the food industry as food additives for enhancing viscosity, creating gel-structures, and lengthening the physical stability. [8, 9] Addition of hydrocolloid was also found to be effective for textural improvement in sweet potato starch noodles. [10] Cryoprotectant properties of hydrocolloids (xanthan, guar, carrageenan, and pectin) and dairy proteins (sodium casienate and whey protein concentrate) have been reported earlier in the literature. [11, 12] Downey [13, 14] studied the effect of individual hydrocolloids and mixture of hydrocolloids and dairy powder in frozen and thawed pureed cooked potatoes. Treatment of alginate was found to be effective in increasing the texture of restructured carrot cubes. [15] Stabilizing effects of hydrocolloids on a mixture of hawthorns, carrot, and tomato juices and carrot nectar are also reported in the literature. [16, 17] The use of high intensity ultrasound was reported to affect the rheological characteristics of various hydrocolloids. [18] Textural quality of carrots, as affected by different freezing methods, is also present in the literature. [19] Despite many studies on texture retention in frozen carrots, comparative studies among the various food hydrocolloid additions have rarely been carried out. Softening of texture because of cell wall rupture due to freezing could be reduced by hydrocolloid pre-treatments. In the present study: (i) the effect of various food hydrocolloids, such as pectin, carboxy methyl cellulose (CMC), xanthan gum, and sodium alginate, used at different concentrations (0.2-0.4%) was studied in retaining the texture as well as the sensory acceptability of carrots after freezing and subsequent thawing; (ii) possible correlations between the instrumental textural parameters and sensory textural attributes of the hydrocolloid pre-treated frozen-thawed pre-cut carrots were also drawn; and (iii) effects of hydrocolloids on retention of texture and overall acceptability (OAA) during 15 months of storage at −20
• C were also studied.
MATERIALS AND METHODS

Materials
Raw carrots devoid of blemishes, any visible sign of microbial infections and physical injuries were procured from the local market at Mysore, India. Carrots after washing with chlorinated water (30 ppm) were peeled manually and cut transversely (30 × 10 × 10 mm) in a dicer (Urschel Laboratories, Inc., Valparaiso, IN, USA). Analytical grade pectin and CMC (S. D. Fine Chemicals, Mumbai, India), xanthan gum (ICN Biomedical, CA, USA), and sodium alginate (Acros Organics, Belgium) were procured.
Pre-Treatment
Diced carrots were blanched for 5 min at 70
• C in water. After blanching carrots were dipped in 1% calcium chloride solution for two hours at room temperature (28 ± 1
• C).
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The calcium chloride treated samples were subjected to hydrocolloid dip treatment prior to freezing. Diced carrots (one part) were dipped in different hydrocolloid solutions (three parts) (pectin, CMC, xanthan gum, and sodium alginate) at 0.2, 0.3, and 0.4% levels for 16 h at 5 ± 1 • C. After the dip period (16 h) hydrocolloid solution was drained and the surface hydrocolloid was removed by adding water in the drained sample (1:1, w/v) and again draining the water. Treated carrots were sealed in polyethylene bags (500 g each).
Blanched and calcium chloride treated carrot samples without any hydrocolloid treatment served as the experimental control.
Freezing and Thawing
Polyethylene bags containing carrot samples were frozen at −40
• C for 3 h at a blast velocity of 8 m s −1 in a blast freezer (Model, SZC-V-425-3, Cryoscientific, Chennai, India) equipped with a freezing rate controller. The frozen samples were stored in deep freezer at −20
• C until textural and sensory analysis. Thawing of the samples was done for 1 h at room temperature (28 ± 1
• C) before analysis.
Instrumental Textural Measurements
Texture profile analysis (TPA) [20, 21] of frozen and thawed carrot samples in terms of Chewiness, springiness and cohesiveness was carried out with a TAHDi Texture Analyzer (Stable Micro Systems Ltd., London, UK) using a 5 Kg load cell and the application program provided with the apparatus (Texture Expert for Windows TM, version 1.22). TPA was performed by compression test using a spherical probe of 75 mm diameter at a cross head speed of 1 mms −1 to a fixed strain of 50%, with a rest period of 5 s between cycles. In a compression test, the sample is subjected to a force and the corresponding deformation is recorded. The software automatically calculated the textural parameters from TPA curve (Fig. 1) . Definitions for cohesiveness, springiness and chewiness as described by Bourne [22] are as follows: Cohesiveness is the extent to which a material can be deformed before it ruptures. It was calculated as the ratio of the positive force area during the second compression portion to the positive area during the first compression. Springiness (mm) is defined as the proportion of compression distance recovered between the first and the second compression. Chewiness (N) was calculated as the product of hardness, cohesiveness, and springiness. Firmness (N) [23] was measured as shear force by cutting the thawed carrot samples in the center with a Warner Bratzler blade (Godalming, UK) at a test speed of 0.5 mm s −1 . The pre and post speeds were set at 1 and 5 mm s −1 , respectively. The data were collected for four replicates and average values are reported.
Sensory Evaluation
The sensory evaluation of the frozen-thawed carrot samples was carried out in terms of appearance, chewiness, taste, hardness, and overall acceptability using a nine point Hedonic scale [24] by a semi-trained panel consisting of 20 members. Panelists were scientific staffs of the laboratory who were trained in the use of attributing rating scale for the characteristics examined. The scores were assigned from extremely liked (9) to disliked extremely (1) . The samples were served to the panelists after coding with three digits randomly selected numbers in a sensory lab illuminated with white light and maintained at 20
• C. 
Statistical Analysis
All the textural measurements in this study were made in three replications. Statistical analysis was performed by analysis of variance (ANOVA) and means were compared using the least significant difference (LSD, 95%) using Statistica 7 software (StatSoft, Tulsa, OK, USA). Correlation analysis was performed by simple correlation using MS Excel (Microsoft, WA, USA).
RESULTS AND DISCUSSION
Effect of Pre-Treatments on Textural Properties
In the present study, effect of hydrocolloid pre-treatment on the textural changes of the frozen pre-cut carrots was compared with the untreated pre-cut carrots. TPA software provided the parameters such as chewiness, cohesiveness, springiness and gumminess from compression test while firmness of the samples was obtained as maximum shear force by cutting the samples with Warner Bratzler blade. According to Szczesniak [25] and Bourne, [26] determination of gumminess is only valid for semisolid foods. Moreover, carrot is a solid material so gumminess was discarded as a TPA parameter in this study. Maximum chewiness value of 0.232 was recorded for xanthan (0.4%) pre-treated samples and minimum with pectin (0.2%). Nevertheless, changes in chewiness were not well defined in any of the hydrocolloid pre-treatment (data not reported). This may be for the reason that chewiness is secondary textural parameter, which is derived from multiplicative product of hardness, cohesiveness and springiness. Changes in any one of these parameters affected the result for chewiness. The springiness and cohesiveness from TPA and firmness values obtained by using Warner Bratzler blade of the hydrocolloid pre-treated frozen and thawed pre-cut carrot samples are presented in Table 1 . Hydrocolloid pre-treatment significantly (P < 0.05) affected all the textural parameters. The TPA analysis of the samples revealed that the untreated control sample had a springiness of 0.075 ± 0.005 mm and cohesiveness of 0.314 ± 0.012. Lower values of textural parameters of the control samples than the hydrocolloid pre-treated samples were attributed to weakening of the structure due to freezing. Springiness of carrot samples increased due to hydrocolloid pre-treatment. The springiness of pectin, CMC, xanthan, and sodium alginate treated samples ranged from 0.087 to 0.112, 0.085 to 0.110, 0.097 to 0.153, and 0.086 to 0.120, respectively. The increase was not significant (P > 0.05) over the control as well as among the hydrocolloids used at lower concentrations. However, 0.4% of all the hydrocolloids could increase the springiness values significantly (P < 0.05).Though the increase in springiness was not much than the control, xanthan gum showed higher values followed by sodium alginate, pectin, and carboxy methyl cellulose. Increasing hydrocolloid concentration was accompanied by increasing cohesiveness values. The increased springiness of the hydrocolloid pre-treated samples could be attributed to the ability of the hydrocolloids to bind water and prevent excessive moisture loss during freezing and thawing. Resende and Cal [27] also found hydrocolloid pre-treatment effective in reducing deteriorative effects of freezing melons. Out of the four hydrocolloids used, xanthan showed maximum increase in cohesiveness values followed by sodium alginate, pectin, and carboxy methylcellulose. Difference in increase on the cohesiveness and springiness values on addition of hydrocolloids may be due to their different structures and interactions [28] with the carrot tissues. Firmness values obtained by cutting the carrot samples with Warner Bratzler blade were found to be significantly (P < 0.05) higher in the pre-treated samples than the untreated control, indicating enhanced structural strength. As the concentration of all the hydrocolloids increased, firmness of the carrot samples also increased. In this case, also xanthan showed higher increase in firmness values. Xanthan 0.4% showed 196.2% increase in firmness over the control sample. After xanthan, alginate showed significant (P < 0.05) increase in firmness followed by pectin and carboxymethyl cellulose. Though CMC (0.2%) treatment showed least firmness value, but it was also significant and the increase was about 24.05%.
Many authors have reported the effect of xanthan in hindering the deterioration of food products caused by freezing. Ferrero et al. [29] claimed that xanthan hindered deteriorating effect from freezing in wheat flour and corn flour pastes. The retention of texture as observed by increased textural parameters over the experimental control could be due to interaction of the hydrocolloids with water. Walker [30] also suggested that polysaccharides modify the texture of various products by interacting with water. According to Lee et al. [5] the hydrodynamic properties of hydrocolloids is due to water binding and its distribution between particulates and matrix. Table 2 shows average values of different sensory parameters of hydrocolloid pretreated frozen-thawed pre-cut carrot samples as well as of the untreated control. The addition of hydrocolloids changed sensory quality differently. The pectin treatment significantly (P < 0.05) affected the sensory parameters. Increasing pectin concentration was accompanied by increasing the sensory chewiness and sensory firmness as compared to the untreated control samples. CMC treatment also significantly (P < 0.05) increased the sensory textural parameters than the control. There was not a significant (P > 0.05) difference in chewiness of carrot samples when CMC was used in 0.2 and 0.3% concentration. However, a higher level of CMC (0.4%) could increase the scores for all the sensory parameters. Increasing the gum concentrations resulted in increased sensory scores. This could be due to the ability of the hydrocolloid to bind water within the carrot tissue, which in turn improved structural integrity and resulted in higher sensory textural scores than the control. Sensory properties of French fried potato were also reported to be improved by the coating of different hydrocolloids. [31] Xanthan pre-treatments affected the sensory scores differently. However, all the concentration levels significantly (P < 0.05) increased the scores for all sensory textural parameters, but different concentrations exhibited different affects on sensory attributes. Nevertheless, when excess xanthan (0.4%) was used the tendency of hydrocolloid to impart thickening and gummy taste could cause the adverse effect. As a Data represent the mean ± S.D. Values with different superscripts in the same column differ significantly (P < 0.05).
Effect of Hydrocolloid Pre-Treatment on Sensory Textural Properties
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result, 0.4% xanthan pre-treatment showed a lower sensory textural scores. As the concentration of sodium alginate increased, the sensory textural scores also decreased. The sensory acceptability of 0.2% alginate was more than the other two concentrations; this might be due to the block structure of alginate, which gave the product inferior chewiness and firmness. Hydrocolloid incorporation was also observed to improve the physico-chemical, textural and sensory properties of pork patties. [32] 
Correlation Matrix
The relationships between instrumental textural parameters and sensory attributes of texture were determined by correlation analysis ( Table 3 ). The quality of correlations between instrumental texture assessments varies among different studies, probably due to the rheological character of the food as well as the hydrocolloid used and the type of treatment imparted. Instrumental cohesiveness and springiness were found to be highly correlated in the case of CMC pre-treated samples with r = 0.985. However, negative correlation was obtained between these two parameters for xanthan gum. This suggests that these two instrumental texture parameters reflect the same mechanical effect on the carrot tissues. Springiness and cohesiveness showed negative correlations with firmness for pectin and alginate pre-treated samples. Though the correlation between firmness and springiness for xanthan pre-treated samples was positive, it was very less. CMC treated samples showed high and positive correlations between firmness and cohesiveness (r = 0.985) and between firmness and springiness (r = 0.940). Springiness again showed high correlation with sensory chewiness (r = 0.905) and sensory firmness (0.996) in CMC Values without any asterisk represent pectin pre-treatment, while * , * * , * * * indicate CMC, xanthan gum, and sodium alginate pre-treatments, respectively. pre-treated carrot samples. Firmness was found to have positive correlations with the sensory textural parameters, such as sensory chewiness and sensory firmness, for all except pectin pre-treated samples. The negative correlation found in pectin samples could be due to sampling errors, heterogeneity of the product, or improper selection of the instrumental tests. [33] The results showed that sensory firmness and sensory chewiness were correlated positively for all the hydrocolloid used (r = 0.733). High positive correlations between these parameters suggested the interdependence of the parameters for affecting the texture. From the correlation matrix table, it can be concluded that CMC pre-treated samples showed overall high correlations for all the instrumental and sensory textural parameters.
Effect of Hydrocolloid Pre-Treatment on Textural Properties During Frozen Storage
During storage at −20
• C, texture of all the carrot samples was deteriorated. The textural changes were more pronounced in the untreated samples. The textural changes during storage associated with the carrot samples pre-treated with pectin are shown in Fig. 2 . As depicted in Fig. 2a-2c , values for all the textural parameters decreased as the storage period progressed in the untreated samples. Springiness and firmness in pectin pre-treated samples were not changed significantly (P > 0.05) up to 10 months of storage for all the concentrations. However, cohesiveness did not change significantly (P > 0.05) throughout the storage period. Similar results were also shown by the CMC pre-treated samples. But, change in firmness was more significant than the pectin pre-treated samples. It decreased significantly right from the beginning of storage at all the concentration levels used for pretreatments (Fig. 3a-3c) . Springiness was observed to decrease significantly (P < 0.05) after 10 months of storage (Fig. 4a) . However, the change in firmness was more pronounced in the 0.2% level of xanthan pre-treatment than the other concentrations, but the change was very less than the untreated samples as shown in Fig. 4c . Cohesiveness followed a similar trend like pectin and CMC and it does not alter significantly during the entire period of storage (Fig. 4b) . Gomez et al. [34] also found xanthan gum to be effective in maintaining the texture of cakes during storage.
Alginate pre-treatment was also found to be better in retaining the cohesiveness of carrots during storage than the control samples (Fig. 5b) . However, it showed less effectiveness as compared to xanthan gum pre-treatments. Alginate pre-treatment at 0.2 and 0.3% concentrations showed almost similar behavior in retaining the springiness and firmness throughout the storage period ( Fig. 5a and 5c ). Alginate (0.4%) pre-treatment was found to be more effective. This may be due to their initial (0 month) close values for these parameters. Better retention of texture in hydrocolloid pre-treated samples may be due to the unique property of hydrocolloids to retain the texture by binding the water within the system. Previous studies have also shown the suitability of hydrocolloids coating for protecting physical and sensory properties of different types of cheeses during storage. [35] 
Effect of Hydrocolloid Pre-Treatment on Sensory Textural Properties During Frozen Storage
The result of sensory evaluation for overall acceptability of pre-cut carrot samples treated with different hydrocolloids during 15 months storage at −20
• C are shown in Table 4 . There was a significant decrease in overall acceptability of the control (untreated) samples. At the end of the storage period, control carrot samples were found unacceptable by the sensory panel on a nine point hedonic scale. However, hydrocolloid pre-treatment showed different effects on the overall acceptability during frozen storage. Pectin (0.2%) treated samples did not show any significant effect up to 3 months; after that the acceptability decreased significantly at the end of storage period. Slightly better retention in OAA was observed in pectin (0.3%) treated samples. Higher concentration of pectin (0.4%) was observed to retain the OAA of the carrot samples for longer storage periods, i.e., up to 6 months. Changes in sensory scores (OAA) were insignificant (P > 0.05) up to 6 months in the case of CMC and xanthan gum used at 0.2 and 0.3% concentrations. However, pretreatment with 0.4% concentration of both the hydrocolloids did not show any significant change up to 9 months. The lower overall acceptability scores of the samples at the end of storage period depict that the ability of hydrocolloids to retain the texture decreased as the storage period progressed. In the case of alginate pre-treated samples, igher concentration was also found to retain the overall acceptability of samples for a longer storage period. Though the sensory scores deceased gradually, the hydrocolloid pre-treated samples were found to be acceptable after the 15 months frozen storage at −20
• C than the untreated carrot samples. 
CONCLUSIONS
In the present study, overall results indicated that the hydrocolloids used (pectin, CMC, xanthan gum, and sodium alginate) were effective in retaining the texture in terms of both instrumental as well as sensory textural aspects of pre-cut carrots after freezing, which otherwise could be detrimental to the same. The protective effect of hydrocolloids on texture, during the freezing process suggested that the pre-treatment with hydrocolloids could prevent loss of firmness and texture profile parameters in frozen carrots. Xanthan (0.4%) concentration showed the best results in terms of instrumental texture in terms of TPA. Sensory textural parameters of pre-cut frozen carrot also increased with hydrocolloid treatment. Acceptability of xanthan treatment (0.3%) was found to be high in terms of texture. The hydrocolloid pre-treated samples showed a decrease in instrumental texture and sensory textural stability during storage. Pre-treated samples were preferred for all the attributes over the untreated samples. It can be concluded that all the selected hydrocolloids (pectin, CMC, xanthan, and alginate) were useful in retaining the texture as well as sensory acceptability of pre-cut carrots after the freezing process as well as during the frozen storage to varied extent.
